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Abstract: The calcareous nannoplankton and foraminifera from the Gladyszow Beds, regarded as the youngest
deposits in the northern marginal Siary Subunit of the Magura Nappe in Poland, are characterized. The material
investigated comes from outcrops in the vicinity of Gladyszéw and from the Gtadyszoéw PIG-1 borehole. The
analysis allowed the establishment of the age of these deposits as not older than late Rupelian—early Chattian (the
calcareous nannoplankton NP24 Zone). The taxonomic aftfiliations, environmental associations and preservation
of the microfossils were analyzed to document the sedimentary processes and environmental conditions during the
geotectonic transformation of the Magura Basin in the Oligocene. These microfossils also were compared with
those reported from the terminal deposits of the Outer Carpathians and the Podhale Basin.
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INTRODUCTION

The Siary Zone was the northernmost sedimentary area
of the Magura Basin in the Polish Outer Carpathians. The
Upper Cretaceous—Palacogene deposits of this sedimentary
zone (Fig. 1) were detached from their basement in the
Maastrichtian, when the Inoceramian Beds were deposited
in the Magura Basin; they formed a tectonic unit, distingui-
shed as the Siary Subunit of the Magura Nappe (Swidzifiski,
1953; Koszarski and Koszarski, 1985). Since that time, the
Magura Basin was separated into several facies zones with
different rates of deposition. Facies changes in particular
zones of the Magura Basin in the Palaeogene were associ-
ated with the migration of depocentres from the south to the
north of the basin (Birkenmajer and Oszczypko, 1989;
Oszczypko, 1999; Golonka et al., 2000). The closure of the
Neotethys, associated with global changes in sea level and
palaeogeography (Hardenbol ef al., 1998; Snedden and Liu,
2010), led to a series of local tectonic and erosional pro-
cesses in the Magura Basin (Poprawa et al., 2002; Osz-
czypko, 1992, 2006).

The final stages of progressive shortening and closing
processes in the part of the Magura Basin discussed led to
the accumulation of the Gladyszéw Beds (Kopciowski and
Garecka, 1996; Kopciowski, 2007). Their strata have an ex-

tremely chaotic structure (Fig. 2), which makes their origin
uncertain: it may be either sedimentary or tectonic. As a re-
sult, the position of the Gladyszow Beds and their relation-
ship to the adjacent deposits are uncertain. In order to solve
this problem, the authors describe calcareous nannoplank-
ton and foraminifera from these youngest deposits of the
Siary Zone and analyze them with regard to the reconstruc-
tion of sedimentary processes and environmental conditions
during the terminal stages of the Magura Basin that led to its
closure. They correlate the microfossils studied with coeval
assemblages from the other Outer Carpathian basins that
were rebuilding and from the Podhale Basin. Their previous
micropalacontological studies on the biostratigraphy of the
Gladyszoéw Beds were presented in the form of short re-
ports, as parts of archival materials (Garecka and Szydto in
Kopciowski et al., 1997) and scientific communications
(Kopciowski and Garecka, 1996; Garecka et al., 1998;
Szydto, 2001; Garecka and Szydto, 2011). In this paper, the
detailed micropalacontological analysis of calcareous na-
nnoplankton and foraminifera with photographic documen-
tation and related discussion of these results with respect to
sedimentary conditions and tectonic processes are presented
for the first time.
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Garecka, 1996, modified).

GEOLOGICAL SETTINGS

The Siary Subunit (North Rac¢a Subunit) is usually dis-
tinguished as the most external, northernmost tectonic unit
of the Magura Nappe (Fig. 1). Its source areas for sediments
were located at the north and north-east margin of the Ma-
gura Basin (Kopciowski, 2007). Facies changes in particu-
lar zones of the Magura Basin were associated with the mi-
gration of sedimentary centres. As a consequence, thick
sandstone series accumulated in the Magura Basin (Kop-
ciowski, 1996; Fig. 1); this distinguishes the Magura Basin
from the other Carpathian basins, which during this period
of open connection with the world ocean, were character-
ized by unification of hemipelagic/pelagic sedimentation,
leading to the accumulation of the Variegated Shale close to
the CCD. Later, sedimentation from turbidity currents, as-
sociated with increased tectonic and volcanic activity, con-
tributed to intensified circulation (upwelling), which led to
oxygenation and fertilization of the surface waters in the ba-
sin (Oszczypko, 2004, 2006; Oszczypko and Oszczypko-
Clowes, 2009). This process culminated across the Eocene—
Oligocene boundary, when the pelagic Globigerina Marl

Geological sketch-map and the general profile of the Siary Subunit in the vicinity of Gladyszow (after Kopciowski and

was deposited in the Outer Carpathian basins. In the north-
ern marginal area of the Magura Basin (Siary Zone), sedi-
ments of this type have not been found, but shales contain-
ing calcareous foraminifers referable to this depositional
event were noted (Garecka et al., 1998).

The change in sedimentary conditions that took place
during the earliest Oligocene brought to an end the deposi-
tion of the Globigerina Marl in the Outer Carpathian basins.
The sea-level fall and isolation of the basins resulted in the
formation of bituminous shales, which became the dominant
facies in this area (Oszczypko, 1999; Poprawa et al., 2002).
The shallowing process in the Magura Basin was associated
with the expansion of an accretionary prism in the southern
part of the area. Initially, predominantly sandy turbidites
were partly displaced by a mudstone series (Fig. 1) in the
northern part of the basin (Kopciowski, 2007). The glauco-
nitic sandstone facies (the Watkowa Sandstone), associated
with flows of higher density, were replaced by shales (the
Budzéw/Supra-Magura Beds), accumulated under condi-
tions of low tectonic activity. After this sedimentary period,
the chaotic deposits of the Gladyszow Beds were laid down
as a result of syn- and post-tectonic processes (Kopciowski,
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2007). In the Polish part of the Carpathian area, this process
was initiated during the Oligocene and ended in the Mio-
cene. It coincided with the formation of similar chaotic de-
posits, which were the result of closure of the other Outer
Carpathian basins (Jankowski, 1997).

The Gladyszéw Beds, which are the subject of this pa-
per, were described for the first time in the vicinity of Gta-
dyszow by Kopciowski (in: Kopciowski and Garecka, 1996).
They are represented mainly by mudstones and marly clays,
which include smaller clasts, blocks and even larger frag-
ments of flysch series including various sandstones and
shales (Fig. 2A, B). The thickness of the Gladyszow Beds is
difficult to estimate, because of the lack of good exposures
and the chaotic nature of the deposits; it may be assumed to
range from 50 to 80 m (Kopciowski and Garecka, 1996;
Kopciowski, 2007). The Gtadyszow PIG-1 borehole was
drilled to gain a complete profile, including the thickness of
the Gladyszow Beds and their contact with the underlying
Budzéw Beds. Unfortunately, the transition between these
two units was not found in this borehole (Kopciowski et al.,
2011).

MATERIAL AND METHODS

Rock material was sampled from the deposits exposed
in Gladyszow Creek, to the east of the centre of Gladyszow
village (18 samples; N49°30'59"-49°31'17", E021°15'15"—
021°16'23") and 58 samples were collected from the Gta-
dyszow PIG-1 borehole, located in UsScie Gorlickie
(N49°3120", E021°16'10"; Fig. 1). The deposits sampled,
described as “a block in a matrix”, were represented first of
all by grey, grey green and green, strongly deformed calcar-
eous, marly mudstones and claystones, in which fragments
of fine- and medium-grained grey, calcareous sandstones
occurred (Fig. 2; Kopciowski, 2007, Kopciowski and Ga-
recka, 1996). The same type of rocks with brown, calcare-
ous shales (Kopciowski et al., 2011) was sampled from the
interval 1.4-200 m in the Gladyszow PIG-1 borehole. The
bottom of the Gtadyszéw Beds and their contact with under-
lying Budzow Beds was not reached in this borehole. For
comparison, a few samples were taken from the uppermost
part of the Budzow Beds, exposed in the vicinity of Glady-
szow (Fig. 1)

The calcareous nannofossils and foraminifera studied
were obtained from the same set of samples. The smear slides
for nannofossils studies were prepared, according to the stan-
dard method described by Baldi-Beke (1984). A fine water
suspension of the rock was spread out on a glass slide. After
drying, the microscope slide was covered with Canada bal-
sam and a cover glass. The slides were inspected and micro-
fossils photographed with a light microscope Nikon Eclipse
E400Pol at 1000x magnification. In the case of forami-
nifera, the rock material was subjected to mechanical and
thermal crushing processes. Foraminifera were selected
from sieved rock material, which previously had been
washed and then was fragmented by an alternation of heat-
ing and freezing. Finally, the 63 um fraction was used for
observation under the stercoscopic optical microscope
(Zeiss Stereo Discovery.V12). Photo documentation was
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Fig. 2.

Outcrops of the Gladyszow Beds in Gladyszow Creek.
A, B. Multicolored mudstones incorporating sandstone blocks
(photographs taken by R. Kopciowski).

carried out in the Scanning Electron Microscopy Labora-
tory of Biological and Geological Sciences Institute of the
Jagiellonian University (JEOL-5410 and NORAN Voyager
3100). The microfossils were analyzed with respect to their
number, diversity, and preservation.

RESULTS
Calcareous nannoplankton

The distribution of calcareous nannoplankton is shown
in Tables 1 and 2; photographs of selected taxa are illus-
trated in Figures 3 and 4. The number, diversity and preser-
vation of the calcareous nannoplankton specimens vary sig-
nificantly from sample to sample. The most resistant to dis-
solution, according to Bukry’s (1981) classification, long-
ranging Coccolithus, Dictyococcites, Reticulofenestra and
Cyclicargolithus specimens occur more frequently than the
other, less resistant and sporadically found Pontosphaera,
Transversopontis,  Braarudosphaera, Micrantholithus,
Sphenolithus, Helicosphaera and holococcolits. The state of
preservation can be determined as poor or, in some cases,
very poor. The well preserved species occur sporadically.
The large scale of the destruction is documented by the high
frequency of indeterminate fragments of undefined mor-
phological types and damaged specimens, e.g., broken arms
of asteroliths, crushed fragments of shields, and the absence
or fragmental preservation of diagnostic elements, espe-



208 M. GARECKA & A. SZYDLO

5 pum

5 um




CALCAREOUS NANNOFOSSILS AND FORAMINIFERA, CARPATHIANS

cially in the samples taken from the borehole. Poor preser-
vation and redeposition observed on a large scale (the latter
being difficult to determine in the case of long-ranging spe-
cies) created difficulties in the age dating of the sediments
in question.

Reworked specimens are dominant elements of the cal-
careous nannofossil assemblages in the samples from both
the outcrops and the Gtadyszow PIG-1 borehole. They are
mainly Eocene and Eocene—Oligocene and sporadically
Cretaceous and Palaeocene taxa.

The youngest species, considered as autochthonous
species, the presence of which allow the determination of an
Oligocene age, are very rare. The following long-ranging
placoliths dominate: Coccolithus pelagicus (Wallich) Schil-
ler (Fig. 3A, B), Dictyococcites bisectus (Hay, Mohler et
Wade) Bukry et Percival (Fig. 3C-E), Cribrocentrum reti-
culatum (Gartner et Smith) Perch-Nielsen (Fig. 3F), Reti-
culofenestra umbilica (Levin) Martini et Ritzkowski (Fig.
3G, H) and small reticulofenestrids. Less commonly, quite
unequally, but with constant frequency, the following spe-
cies occur: Cyclicargolithus floridanus (Roth et Hay) Bukry
(Fig. 31, J), Isthmolithus recurvus Deflandre (Fig. 3K, L)
and Lanternithus minutus Stradner (Fig. 3M). The warm-
water Sphenolithus (Sphenolithus predistentus Bramlette et
Wilcoxon (Fig. 3N-P), S. pseudoradians Bramlette et Wil-
coxon (Fig. 3Q, R), S. moriformis (Bronnimann et Stradner)
Bramlette et Wilcoxon, (Fig. 3S—U) and Discoaster (Disco-
aster deflandrei Bramlette et Riedel, (Fig. 3V), D. tanii
Bramlette et Riedel, reworked Eocene forms) and nearshore
Helicosphaera (Helicosphaera compacta Bramlette et Wil-
coxon (Fig. 3W, X), H. intermedia Martini (Fig. 4A), H.
bramlettei Miiller (Fig. 4B, C), Pontosphaera (Pontospha-
era multipora (Kamptner) Roth (Fig. 4D), Transversopontis
(Transversopontis obliquipons (Deflandre) Hay, Mohler et
Wade, Fig. 4E, F), pentaliths and Zygrhablithus bijugatus
Deflandre (Fig. 4G, H) occurred sporadically. The Oligo-
cene species occur mainly in the samples from Gladyszow
Creek (Tab. 1): Cyclicargolithus abisectus (Miiller) Wise
(Fig. 41-L), Sphenolithus dissimilis Bukry et Percival (Fig.
4M, N), Reticulofenestra lockeri Miiller (Fig. 40, P) and
Reticulofenestra ornata Miiller (Fig. 4Q, R). In the samples
from the Gtadyszéw PIG-1 well, the only Oligocene species
is R. lockeri (Tab. 2). The nannofossil association detected
in the samples from the outcrops in Gladyszow Creek is
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better preserved than the one from the borehole. In the case
of large forms, such as D. bisectus, R. umbilica, Chiasmo-
lithus oamaruensis (Deflandre) Hay, Mohler et Wade (Fig.
48, T), C. cf. grandis (Bramlette et Riedel) Radomski (Fig.
4U) and also Discoaster sp., Braarudosphaera bigelowii
(Gran et Braarud) Deflandre (Fig. 4V) and 1. recurvus, the
signs of mechanical damage are especially prominent.

Foraminiferal assemblages

The distribution of foraminifera is shown in Tables 1
and 2; SEM photographs of selected taxa are illustrated in
Figure 5. In the samples studied, Paleocene—Eocene and
Late Cretaceous planktonic or benthonic forms usually oc-
cur as separate assemblages in samples, which include only
displaced and reworked rock material incorporated into the
Gladyszoéw Beds during the syn-tectonic processes. Occa-
sionally, these agglutinated benthos or plankton specimens
occur as single forms in samples containing assemblages of
Early Oligocene age (Tabs 1, 2). The latter are represented
by opportunistic planktonic foraminifera representing Chi-
loguembelina, Laterostomella, Globoquadrina, Globano-
malina, Tenuitellinata, Parasubbotina, Catapsydrax, Glo-
borotaloides (Fig. SA-H, J), Testacarinata, Subbotina and
diversified calcareous benthic forms represented mainly by
species of the Bolivina-Brizalina group [B. cookie, B. cre-
nulata, B. danvilensis, B. fastigia (Fig. 5K-0), B. aena-
riensiformis, B. missisipiensis, B. subtillisima] and the ge-
nus Cibicides: C. lopjanicus (Fig. 5P, Q), C. amphisylensis,
C. oligocenicus. Some of them are known from the Budzow
(Supra-Magura) Beds (Garecka et al., 1998; Garecka and
Szydto, 2011). Apart from the forms described, calcareous
benthos, belonging to the genera Globocassidulina, Cassi-
dulina, Pullenia, Uvigerina (Fig. 5R), Bulimina (Fig. 5V, W),
Fursenkoina (Fig. 5X), and Chilostomella occur (Tab. 2).
Among them, the latter three taxa occur as pyritized forms,
which are more frequent in the upper part of the Budzow
Beds (Szydto in Kopciowski et al., 1997).

In addition, some samples from the Gladyszow Beds
contain planktonic forms, belonging to the genera Tenuite-
lla (T. brevispira), Globigerinella (G. obesa) and Cassigeri-
nella (C. chipolensis), and also benthonic taxa (A4sterige-
rina, Protelphidium).

<
<

Fig. 3.

Calcareous nannofossils from the Gladyszow Beds. Abbreviations: CN — crossed nicoles; NL — normal light. A. Coccolithus

pelagicus (Wallich) Schiller — CN (crossed nicols). B. Coccolithus pelagicus (Wallich) Schiller — NL (normal light). C. Dictyococcites
bisectus (Hay, Mohler et Wade) Bukry et Percival — CN. D. Dictyococcites bisectus (Hay, Mohler et Wade) Bukry et Percival — NL. E.
Dictyococcites bisectus (Hay, Mohler et Wade) Bukry et Percival — CN. F. Cribrocentrum reticulatum (Gartner et Smith) Perch-Nielsen —
CN. G. Reticulofenestra umbilica (Levin) Martini et Ritzkowski — CN. H. Reticulofenestra umbilica (Levin) Martini et Ritzkowski — NL.
1. Cyclicargolithus floridanus (Roth et Hay) Bukry — CN. J. {langl033 Cyclicargolithus floridanus (Roth et Hay) Bukry — NL. K.
Isthmolithus recurvus Deflandre — CN. L. Isthmolithus recurvus Deflandre — NL. M. Lanternithus minutus Stradner — CN. N.
Sphenolithus predistentus Bramlette et Wilcoxon — CN-0°. O. Sphenolithus predistentus Bramlette et Wilcoxon — CN-0°. P. Sphenolithus
predistentus Bramlette et Wilcoxon — CN-45°. Q. Sphenolithus pseudoradians Bramlette et Wilcoxon — CN-0°. R. Sphenolithus
pseudoradians Bramlette et Wilcoxon — NL-0°. S. Sphenolithus moriformis (Bronnimann et Stradner) Bramlette et Wilcoxon — CN-0°. T.
Sphenolithus moriformis (Bronnimann et Stradner) Bramlette et Wilcoxon — CN-45°. U. Sphenolithus moriformis (Bronnimann et
Stradner) Bramlette et Wilcoxon — NL-45°. V. Discoaster deflandrei Bramlette et Riedel — NL. W. Helicosphaera compacta Bramlette et
Wilcoxon — CN. X. Helicosphaera compacta Bramlette et Wilcoxon — NL.
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INTERPRETATION
Biostratigraphy

For the purpose of this work, the standard zonation of
Martini, modified by e.g., Martini and Miiller (1986) was
used. The Oligocene zonation is based among others on the
last (LO) and first occurrences (FO) of warm-water spheno-
liths (Sphenolithus distentus, Sphenolithus ciperoensis),
which are rare or even absent at high latitudes (Fig. 6). In
the case where index species have not been used for the origi-
nal boundary definition, it was necessary to use secondary
species of established biostratigraphic position (Fig. 6). The
first rare occurrence of C. abisectus closely corresponds to
the first appearance of Sphenolithus ciperoensis, which
originally defined the lower boundary of the NP24 Zone
(and also the upper limit of the NP23 Zone) in Martini’s
scheme (1971). Its relation was used by Miiller (1976) who
created the substitute marker for the upper limit of the NP23
Zone and the lower limit of the NP24 Zone in mid and high
latitudes. The FO of C. abisectus (and/or the FO of Helico-
sphaera recta) is used as a zonal marker by many authors
(e.g., Roth et al, 1971; Baldi-Beke and Baldi, 1973;
Benedek and Miiller, 1974; Stranik et al., 1981; Martini and
Miiller, 1986; Krhovsky et al., 1992; Slqzak et al., 1995;
Svabenicka and Stranik, 2004; Van Simaeys et al., 2004).
The first rare individuals of R. lockeri (and R. ornata) were
described already from the upper part of the Globigerina
Marl of the Skole Unit, assigned to the NP22 Zone
(Garecka, 2012). Dudziak (in Smolenska and Dudziak,
1989) mentioned this species (as R. cf. lockeri) in the asso-
ciation of the NP22 Zone in the Sub-Cergowa Marl of the
Dukla Unit. It confirmed information that R. lockeri ap-
peared in the lower part of the Early Oligocene (NP22;
Krhovsky, 1981; Baldi et al., 1984). According to Nagy-
marosy and Voronina (1992), the first rare specimens of R.
lockeri appeared even close to the Eocene/Oligocene
(NP21) boundary. At the boundary of NP22/NP23 zones, an
increase in the number of R. lockeri individuals was ob-
served (Nagymarosy and Baldi-Beke, 1988). The lower part
of the Menilite Beds of the Skole Unit, on the basis of the
mass occurrence of R. ornata, Transversopontis fibula and
R. lockeri, were included in the NP23 Zone (Garecka, 2005,
2012). In the calcareous nannoplankton assemblage of the
NP24 Zone, they occurred as one of the most resistant spe-
cies with other Reticulofenestra, Dictyococcites and Cocco-
lithus specimens. According to Perch-Nielsen (1985), Sphe-
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nolithus dissimilis appeared in NP24 Zone. Oszczypko-
Clowes (2001, 2010) mentioned this species in the assem-
blage of the Budzow Beds also assigned to the NP24 Zone.
Already in sample 842/21/95 (Tab. 1), which was collected
from the uppermost part of the Budzow Beds in the Glady-
szo6w section (Kopciowski and Garecka, 1996; Garecka et
al., 1998; Garecka and Szydlo, 2011), the occurrence of R.
lockeri (common), R. ornata, C. abisectus, S. distentus and
C. floridanus indicated the NP24 Zone (upper Rupelian—
lower Chattian). It confirmed results achieved by Osz-
czypko-Clowes (2001, 2010), which on the basis of the oc-
currence C. abisectus, S. dissmilis and H. recta assigned the
Budzéw Beds of the Matastow and Olchowiec sections
(Siary Zone) to the NP24 Zone. The scarcity of the Oligo-
cene species and the common occurrence of redeposited
forms indicate that the age of the investigated samples from
the Gtadyszoéw Beds may be younger than the discussed as-
semblage of nannofossils. They are not older than the NP24
Zone, whereas the poorer samples from the Gladyszow
PIG-1 well are at least Early Oligocene in age; it is impossi-
ble to determine the nannofossil zone.

The presence of some planktonic genera in some of the
samples studied (Tenuitella brevispira, Globigerinella obesa
and Cassigerinella chipolensis) may indicate the upper part
of the Early Oligocene (late Rupelian) and even the passage
into the Late Oligocene (Fig. 6). However, it usually coin-
cides with the presence of the planktonic foraminiferal gen-
era Globanomalina, Laterostomella and Chiloguembelina.
In this case, the age of the assemblages described could be
placed within the range of the middle part of the P20 to P21
a/b boundary (Fig. 6; Berggren ef al., 1985, 1995). The ex-
tinction of chiloguembelinids, which usually corresponds to
the boundary between the NP23/NP24 nannofossil zones, is
closely linked with the Rupelian-Chattian boundary (Van
Simaeys et al., 2004). However, this event is not isochro-
nous and as a result single forms of this genus could survive
until the Late Oligocene (Fig. 6; Olszewska, 1984; Olszew-
ska et al., 1996; Van Simaeys et al., 2004).

Palaeoenvironment

The microfossils from the Gladyszéw Beds including
mainly reworked forms reflect the changes in sedimentary
conditions on the northern outer shelf of the Magura Basin
(comp. Kopciowski, 2007). In the deposits studied, the skel-
etal elements of foraminifera and calcareous nannoplankton

<
<

Fig. 4.

Calcareous nannofossils from the Gladyszéw Beds. Abbreviations: CN — crossed nicoles; NL — normal light. A. Helicosphaera

intermedia Martini — CN. B. Helicosphaera bramlettei Miiller — CN. C. Helicosphaera bramlettei Miiller — CN. D. Pontosphaera
multipora (Kamptner) Roth — CN. E. Tranversopontis obliquipons (Deflandre) Hay, Mohler et Wade — CN. F. Tranversopontis
obliquipons (Deflandre) Hay, Mohler et Wade — NL. G. Zygrhablithus bijugatus (Deflandre) Deflandre — CN. H. Zygrhablithus bijugatus
(Deflandre) Deflandre — NL. I. Cyclicargolithus abisectus (Miiller) Wise — CN. J. Cyclicargolithus abisectus (Miiller) Wise — NL. lain K.
Cyclicargolithus abisectus (Miiller) Wise — CN. L. Cyclicargolithus abisectus (Miiller) Wise — CN. M. Sphenolithus dissimilis Bukry et
Percival — CN-0°. N. Sphenolithus dissimilis Bukry et Percival — CN-45°. O. Reticulofenestra lockeri Miiller — CN. P. Reticulofenestra
lockeri Miiller — CN. Q. Reticulofenestra ornata Miiller — CN. R. Reticulofenestra ornata Miller — CN. S. Chiasmolithus oamaruensis
(Deflandre) Hay, Mohler et Wade — CN. T. Chiasmolithus oamaruensis (Deflandre) Hay, Mohler et Wade — CN. U. Chiasmolithus cf.
grandis (Bramlette et Riedel) Radomski — CN. V. Braarudosphaera bigelowii (Gran et Braarud) Deflandre — CN. W. Sphenolithus
distentus (Martini) Bramlette et Wilcoxon — CN-0°. X. Sphenolithus distentus (Martini) Bramlette et Wilcoxon — CN-45°.
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Table 1

Distribution of calcareous nannofossils and foraminifers in samples collected from outcrops in the vicinity of Gltadyszow

Foraminifera and other

Calcareous nannoplankton Gladyszow Beds microfossils
' Sample| 857/ 858al858b 858¢/| 863/ 364b 902/1905a/| 905b 905¢/908/|913/1931/(952a/952b/ 955/ |958/| Sample )
Species 18/95 15/914/9 10/9|42/9 44/9(9/95|7/95|6/95|4/95|3/95|2/95|1/95 Species
Braarudosphaera bigelowii x(?)| o x(?) o o x | Chiloguembelina gracillima
Chiasmolithus oamaruensis X0 X0 | X X X 0 |X0| X X x |Laterostomella cubensis
Chiasmolithus sp. 0 X0 X [X0| x | x Testacarinata rugosoacuelata
Clausicoccus subdistichus o X X X o x | Tenuitella brevispira
Coccolithus eopelagicus X o(?)| x o(?)| x X Tenuitella gemma
Coccolithus pelagicus X X X X X X X X X X X X X X x | Tenuitella obesa
Coronocyclus nitescens X X X X | X | X X | x X [X0| X x |Tenuitella sp.
Cribrocentrum coenurum X X X X Tenuitetllina?c{
angustiumbilicata
Cribrocentrum reticulatum X X X X X X X X X X X X X X |Tenuitellinata denseconnexa
Cyclicargolithus abisectus o x [xo(?)| x o x(?o| x Globorotalides suteri
Cyclicargolithus floridanus X [X0| x | X X | X | X X | x X | X X | x | x |Globoquadrina selli
Dictyococcites bisectus X0 |X0| X X X X | X0 | X0 X X X X X x  [xo(?)|Globanomalina micra
Dictyococcites callidus o X X Globanomalina naguewichensis
Discoaster barbadiensis X X X Cassigerinella chipolensis
Discoaster lodoensis o X X0 o o X |Globigerina leroyi
Discoaster saipanensis X o o X | X0 x |Globigerina officinialis
Discoaster sublodoensis X X0 0 Parasubbotina karpatica
Discoaster tanii X X X X X X X X0 | X X Bolivina aenariensiformis
Discoaster sp. o X o X o X |Bolivina cookei
Ericsonia formosa x o0 |o(?) X X X | X0| X X X |X0 | X X X |Bolivina crenulata
Helicosphaera bramlettei o(?) 0 | X0| X X |Bolivina danvilensis
Helicosphaera compacta x0(?), o(?)| x X |Bolivina missisipiensis
Helicosphaera intermedia X x(?) X0 | X x(?) Bolivina subtillisima
Isthmolithus recurvus o | x X | X | X X | x X | x| x| x Brizalina fastigia
Lanternithus minutus X X X X X X X X X X X Cassidulina sp.
Pontosphaera latelliptica o X X o Globocassidulina globosa
Pontosphaera multipora X X X x(7)| x Bulimina ovata
Pontosphaera plana X0 | X X X X o x |[x(?)| x Bulimina polymorphinoides
Reticulofenestra dictyoda o X | x x(?) X | X | X Fursenkoina schreibersiana
Reticulofenestra hillae X X | x X | x X Eponides binominatus
Reticulofenestra lockeri X0 | X0 X X X o X x | x(?) X o X X Cibicides amphysilensis
Reticulofenestra ornata x(?7) X0 |X0| X X X0 | o Cibicides lopjanicus
Reticulofenestra umbilica X X X X X X X X X X0 | X X X X |Asterigerina cf. bracteata
small reticulofenestrids X X X X X X X X0 | X X X Uvigerina multistriata
Sphenolithus dissimilis 0 X X Discorbis sp.
Sphenolithus editus o X X | x X X | x |Protelphidium sp.
Sphenolithus moriformis X0 X X X X X X X |Rhabdammina sp.
Sphenolithus predistentus o X X X X |Saccamina placenta
Sphenolithus radians X0 X X X X Ammodiscus sp.
Sphenolithus spiniger X0 X X X X X X x |Glomospira sp.
Transversopontis obliquipons | x 0 X X X X Hormosina sp.
Transversopontis pulcher X0 | X X X X X X X X x [ x(?) Kalamopsis grzybowskii
Transversopontis pulcheroides | x 0 | X X X X X X X X X X |Spiroplectammina sp.
Zygrhablithus bijugatus X0 X o X X X x |Haplophragmoides sp.
Thoracosphaera sp. X0 o |Xxo0 0 0 o | x |E.Palacogene planktonic taxa
Undistinguishable forms X0 X | X | x| X X o X x | x | x | x |Diatoms
Cretaceous forms X0 X X | x X | x Skeletal elements of sponges

o — occurrence of calcareous nannoplankton, x — occurrence of foraminifera, (?) — indeterminate forms of calcareous nannofossils and foraminifers
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Fig. 5.  Foraminifers from the Gladyszéw Beds. A. Chiloguembelina gracillima (Andreae). B. Laterostomella cubensis (Palmer). C.
Globoquadrina selli Borsetti. D, E. Globanomalina micra (Cole). F. Tenuitellinata angustiumblicata Bolli. G. Parasubbotina karpatica
Mjatluk. H. Catapsydrax dissimilis (Cushman and Bermudez). 1. Globigerinella obesa (Subbotina). J. Globorotaloides suteri Bolli. K.
Brizalina cf. fastigia (Cushman). L. Bolivina cf. danvilensis How et Wallace. M. Bolivina cookei Cushman. N. Bolivina crenulata
Cushman. O. B. crenulata Cushman. P, Q. Cibicides lopjanicus Mjatluk. R. Uvigerina multistriata Hantken. S. Globocassidulina globosa
(Hantken). T, U. Nonionella liebusi Hagn. V, W. Bulimina polymorphinoides (Yokoyama). X. Fursenkoina schreibersiana (Czjzek).
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Distribution of calcareous nannofossils and foraminifers

Calacareous nannoplankton

Gladyszow PIG-1 (sample depth in m)

= =
Nl R T R T T T P T ETE I 't
Species g 332322222 R2EESEBERRBRIESIEZ T
e aeeshsheheinhesa e x s by = in g N = g &
= -
Braarudosphaera bigelowii o
Chiasmolithus sp. X X X X
Coccolithus pelagicus X X X X X X X X X0 X0 X X X ¥ x(Px x x x X x X X X X
Coronocyelus nitescens X
Cribrocentrum reticulatum X X X X X X X X 0 X X X x(?) X X X X X X X
Cyvelicargolithus floridanus X X X X 0 x X X X : 4 X
Dictyococcites bisectus X X X X X X X X x x x o x x x xx(Dx x x X X X X X X X
(Dictvococcites callidus X X X X X X X X X X
(Dictvococcites daviesii x(1 x > o
(Discoaster sp. XX X X X X X
Discoaster barbadiensis X0 X
Discoaster distinctus o
Discoasrer lodoensis
(Discoaster multivadiatus x
(Discoaster saipanensis X o(?)
(Discoasrer sublodoensis
(Discoaster tanii nodifer XM x o
Ericsonia formosa X R LR X X X o0
[Helicosphaera bramlettei o7) X o (7
Helicosphaera compacta X o o
Helicosphaera dinesenii X
(Helicosphaera papillata
(Helicosphaera seminulim X
Isthmolithus recurvus X X % % %% X X X 0 X x X % % X o R
[Lanternithus minutus 0 X X X X X X X X X X X x X
Pontosphaera sp. X X X X ]
Pontosphaera multipora o X X S X x(7) X
Pontosphaera punctosa 0o o X X X o
Reticulofenestra dictvoda XX X X X0 X X X0 X X
(Reticulofenestra hillae o o X X x X X
Reticulofenestra lockeri o o X
Reticulofenestra umbilica X0 0 X X X X X X X X x x X X X X X x x X x
Reticulofenestra sp. o X X X X
Small reticulofenestrids o o X X X X X X X
ISphenolithus sp. o X X
[Sphenolithus editus o o X
Sphenolithus moriformis X X X0 0 (7
Sphenolithus orphanknollensis
Sphenolithus pacificus X %
Transversopantis obliguipons o X
Transversopontis pulcher o X
Transversopontis pulcheroides 0 x(?
(Zverhablithus bijugatus X X 0 X X
Thoracosphaera sp. 0 x X X XX
Undistinguishable forms/frag) X0 X X0 X X X0 X X X X X X X X0 X X X0 0 0 X0 X X X X X X0 X
(Cretaceous forms X X0 X X X X X X0 XX X o X0
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Table 2

in samples collected from the Gtadyszoéw PIG-1 borehole

Foraminifers and other
microfossils
-4 - o> o = h =
= : ; -1 : % - : S e wow oW oW RN N o= e = ;
S 2 2R RPN P PR =S % &0 % 3w S ® kS 2P onoe B Species
= 5 8§ =228 =208 b ki kbihasbes % i
= = = = = = =
o X Xo X (Globanomalina micra
X0 |Parasubbotina karpathica
X X X X X X X X X X X X X X X X X X X X X X X x X x |Cassigerinella chipolensis
o (Catapsydrax dissimilis
X X X0 X ® X XX X XX X XX X x |Globigerina leroyi
X X X XX X X % X x |Globigerina officinialis
X X %X X X %X X X X X X X xX X X X X X X X X X X Globigerina tapurensis
X X x X X X0 X X X X x X7 x  x |Subbotina angiporoides
X X X |Subbotina droogeri
X [ X X X x |Subbotina linaperta
% X (Globigering cryptomphala
o x(7) (Globogquadring tripartita
X0 Globigerinapsis index
o Globigerinopsis kugleri
X X Gilobigering hagni
X X Globigerina eoceana
x(7) X % x |Globigerina ampliapertura
X X X% X X (Chilostomella tenuis
X X Cibicides oligocenicus
|Pullenia bulloides
o Cassidulina sp.
o b Uvigerina costeliatia
o X x(7) Reusella tortusa
X X X% X XX X X XX % WMngulogerina sp. (A. aff. yumuriana)
X X XX X X X x x |[Rhizammina indivisa
X 0o X X |Rhabdammina cylindrica
X X X Hyperammina elongata
0 o |Kalamopsis grzybowskii
X X XX X X X X0 X X X X X x [Nothia latissima
X X X (Glomospira charoides
o X o0 X Glomospira glomerata
X x X XX X X X X X X X X X X X X |Glomospira gordialis
X X X X X o X X (Glomospira irregularis
X X% X \Hormosina velascoensis
X X0 x VSaccamina placenta
o Trochamminoides coronatus
0o X X X X X X |Haplophragmoides wateri
¥ X \Haplophragmoides st !
o [ |Haplophragmoides suborbicularis
X X x |Recurvoides nucleolus
|Recurvoides walteri
% |Recurvoidella lamella
X X x(?) X x(7) X X \Reticulophragmium amplectens
0 X X o X |Radiolarians
X X X0 X X X0 X X0 X X X X X X X 0 X0 X0 X0 X X0 X X0 X o |Diatoms
3 0o X X X X X X X X % o [Tubular feeding traces (pyritized tubes

o — occurrence of calcareous nannoplankton, x — occurrence of foraminifera, (?) — indeterminate of calcareous nannofossils and foraminifers
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Fig. 6.

The stratigraphic distribution of selected calcareous nannofossils (Baldi-Beke, 1984; Baldi et al., 1984; Perch-Nielsen, 1985;

Martini and Miiller, 1986; Krhovsky et al., 1992; Nagymarosy and Voronina, 1992; Svéabenicka and Stranik, 2004) and planktonic
foraminifers (Postuma, 1971; Qianyu, 1987; Olszewska et al., 1996) from the Gtadyszéw Beds.

had been subjected to mechanical crushing processes and
often corrosion, solution and also mineralization. The in-
crease in numbers of some species, especially in those of the
Bolvina-Brizalina group, has been correlated with depletion
in oxygen. On the continental slope, this event corresponds
to the presence of oxygen minimum layers and stratification
of the water (Boltovskoy and Wright, 1976; Fontanier et al.,
2002). The sediments mentioned contain pyritized and op-
portunistic forms, which are typical for the Menilite Shale
and the lower part of the Krosno Beds in the Outer Carpa-
thians, as well as for the Zakopane Beds of the Podhale Ba-
sin (Zakopane 1G-1, Banska IG-1 and Bukowina Tatrzan-
ska IG-1 boreholes), in which these minimum-oxygen asso-
ciations are more numerous (Blaicher, 1973; Olszewska,
1984; Olszewska and Wieczorek, 1998). Similar analogies
can be observed in the case of the nannofossil associations
(Garecka, 2005, 2008). It refers the composition, abun-
dance, diversity and preservation of the assemblage and in
particular the presence of redeposited specimens, which
often predominate over autochthonous ones.

DISCUSSION

The calcareous nannoplankton and foraminifera from
the deposits studied indicate a late Early Oligocene (late Ru-
pelian) age, but an earliest Chattian age cannot be excluded
(Fig. 6). A characteristic feature of these assemblages is the
predominance of reworked specimens, whereas in sifu ones
are rare. They are associated with the skeletal elements of
sponges, pyritized diatoms and radiolarians, and tubular
pseudomorphs of trace fossils (Tables 1, 2). All these fea-
tures of the microfossils from the Gtadyszoéw Beds evidence

their similarity to coeval assemblages of the other Carpa-
thian basins. This similarity is manifested in poor preserva-
tion and the occurrence of rare opportunistic forms, which
are often the only autochthonous elements. The specific na-
ture, poor preservation and irregular distribution of de-
scribed nanno- and microfossils in the sediment, and their
relationships can be attributed to the fact that the youngest
deposits of the Magura Basin were displaced during syn-
and post-tectonic erosion (Kopciowski, 2007; Oszczypko
and Oszczypko-Clowes, 2009). The transformation of the
basin was an effect of the expansion of the accretionary
prism in the southern part of the basin and the shortening
processes leading to its closure. It led to the formation of
sediments with a chaotic structure, which included re-
worked and displaced rock material and microfossils. Parts
of the sediments are similar to the ones in the immediate
surroundings. In consequence, the same calcareous nanno-
fossils and foraminiferal assemblages of the upper part of
the Early Oligocene occur in the Budzow (Supra-Magura)
Beds and in the Gladyszow Beds as well. According to Osz-
czypko-Clowes (2010) and other (Oszczypko-Clowes and
Zydek, 2012), the Budzéwe Beds of the Siary Zone are an
equivalent of the Malcov Formation of the Raca and Kry-
nica/Pieniny Klippen Belt zones. In addition, the reworked
Palaeocene—Eocene and Cretaceous forms that come from
deposits, detached from the original basement, are also in-
cluded in the Gtadyszow Beds. Some samples contained re-
worked Eocene and Eocene—Early Oligocene microfossil
assemblages. In general, the Eocene-Early Oligocene ass-
emblages may be correlated with the Globigerina Marl,
which are characteristic sediments for the Outer Carpa-
thians, but are not present in the northern part of the Magura
Basin. Kopciowski (1996, 2007), analyzing the microfossil
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associations of the older part of the Siary Series and the
overlying deposits, came to the conclusion that the Lower
and Middle Eocene in the Siary Unit are preserved, while
the time equivalents of the Globigerina Marl (i.e., the Upper
Eocene) were eroded as a result of the abrupt changes in
sedimentary conditions at the beginning of the Oligocene.
After rapid sandstone deposition at the beginning of the
Oligocene (Watkowa Sandstone) the sediments including
opportunistic plankton foraminifers and also numerous and
diversified calcareous benthic forms (Bolivina-Brizalina
group, Cibicides) were laid down. In general, unfavorable
environmental conditions were reflected in the low numbers
and diversity and the poor preservation of the nannofossil
assemblages. Many species then appeared for the last time;
the new taxa appeared sporadically and in the lower num-
bers. Only the more resistant, mostly long-ranging species
occurred continuously. The occurrence of the mixed assem-
blage in the Gtadyszow Beds, which is composed of numer-
ous taxa that were resistant to mechanical damage or disso-
lution as well as of opportunistic, badly preserved taxa of
the Oligocene (chiloguembelinids, globigerinids and tenui-
tellids) and reworked nanno- and microfossils, indicate dis-
placement of the sediments. On the other hand, the scarcity
and preservation of the Oligocene species may also indicate
that these forms were redeposited and thus, the age of the
sediments may be younger than the described forms. This
was possible, because the sedimentary processes continued
in the Magura Basin during the Oligocene and even lasted to
the Early Miocene (Oszczypko and Oszczypko-Clowes,
2002; Kopciowski, 2007; Oszczypko-Clowes, 2012). Ac-
cordingly, the Gtadyszow Beds may be regarded as syn-tec-
tonic sediments, which formed as a result of submarine
landslides triggered by the transformation of the basin and
the intensive shortening process (Kopciowski, 2007).

CONCLUSIONS

The nanno- and microfossil assemblages described
from the Gladyszéw Beds are characterized by dominance
of long-ranging and reworked taxa; taxonomically impover-
ished opportunistic taxa believed to be in situ are infrequent.
Most of the latter represent species that disappeared during
the Early Oligocene, while only a few appeared for the first
time in this age. This indicates a late Rupelian age for the as-
semblages studied, although, owing to the increased occur-
rence of reworking, a younger, early Chattian age cannot be
excluded.

A detailed analysis of the microfossils with respect to
their origin, diversity, and also environmental associations
and preservation indicates that the deposition of the Glady-
szow Beds took place during the terminal tectonic transfor-
mations of the northern part of the Magura Basin (Siary
Zone) in the late Rupelian and early Chattian.

However, according to the authors, the record of this
process presented for the Siary Zone appears to indicate ex-
tensive erosion and as a consequence, deposition may have
continued in the subbasin during the Late Oligocene.

The calcareous nannofossils and foraminifers described
are associated with the last phases of a long-term transfor-
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mation process, leading to the closure of the Outer Carpa-
thian basins during the Oligocene—Miocene. It is confirmed
by the similarity between microfossils from the Gladyszow
Beds and the terminal deposits of the Outer (Menilite-
Krosno Series) and the Inner (Podhale Basin) Carpathians.
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